Introduction
Sedentary lifestyle among children constitutes a public health problem, due to its association with childhood obesity and with a worse health status in adulthood. [1] [2] [3] Even though physical activity has been widely investigated in late childhood and in adolescence, few studies have included children younger than 10 years old. 4 The lack of reliable measures, pointed out by children or by their parents, in addition to the lack of a validated method that can be used in large population-based studies, may prove a hindrance. 5 Sallis et al. 6 developed a non validated index to detect determinant factors of physical activity, which consists of an 11-item questionnaire to be answered by children or adolescents and by their parents, in a nationally representative sample of male and female students attending grades 4th to 12th in the United States. The authors took for granted that multiple items provide far better information than a single item. They concluded that the high internal consistency of the score added reliability to determinant factors identified by the study.
A multicenter study conducted in the United States revealed acceptable levels of correlation for reproducibility and low correlations for validity, with regard to the use of accelerometers, in the questionnaire used for the intervention. However, the authors underscored that questionnaires for data collection from young-age children should be improved in future studies. 7 The identification of factors associated with physical activity in different life cycles is crucial for planning efficient and effective interventions. Sophisticated techniques have been developed for the identification and analysis of these factors, with the increasing use of ecological models for the promotion of physical activity which, in turn, generate highly complex data that are difficult to interpret. 8 Particularly, hierarchical conceptual models have been used to elucidate several factors that determine specific health or behavioral conditions, as well as the interrelationships that could lead to an outcome. 9 The Guide to Community and Preventive Services and the
Centers for the Disease Control and Preventions (CDC)
Physical Activity Evaluation Handbook recommend that a logical framework should be a fundamental step in the design of community-based physical activity interventions, describing the intervention phases and the intended goals. 10, 11 The aim of the present study is to identify factors associated with physical inactivity among public school children by building a hierarchical model based on information from a self-administered questionnaire answered by parents, and on a scale for the quantification of categorical variables and their interrelationships, as outcome variable in the regression model.
Methods
The study included male (50.7%) and female (49.3%) children aged 7 to 10 years (X = 7.6±0.9 years) enrolled in the 1st and 2nd grades of eight elementary public schools located in the neighborhood of Vila Mariana in São Paulo, Brazil. These children took part in a school-based intervention to reduce childhood obesity risk that focused on improving nutritional habits and PA levels (Risk Reduction of Illness and Death in Adulthood The RRIDA Project).
We developed a pre-tested, pre-coded structured parent self-report questionnaire in order to collect information about childrens behaviors and habits as well as their practice of recreational physical activity and transportation to school. We sent out 2,800 questionnaires to the parents or surrogates of all students enrolled in the 1st and 2nd grades of eight schools. The questionnaires were returned, on average, 3 days afterwards, with the signed consent form, which allowed the participation of the children in the study. The response rate amounted to 89.9%, totaling 2,519 questionnaires. The data were entered twice in the database in order to minimize possible typos. Children were categorized as overweight or non overweight. Overweight was defined as a weight-forheight two standard deviations (z scores) above the NCHS/WHO reference median. 12 Age was measured in months, calculated by day of birth up to the day on which the data were collected. Birth weight was classified as either less than or greater than 3,500 g.
Selected questions from the questionnaire related to childrens leisure-time places, means of transportation to and from school, types of playing, perception of parents about the level of physical activity of their children compared to that of other children; sports practice outside of school; amount of sleep during the night and during the day; amount of TV viewing, and eating while watching TV, which indicated more or less active childrens profiles, according to evidence-based factors for physical activity, as described in the literature 13 (Table 1) .
Socioeconomic status was estimated based on the answers to the questions about the frequency of weekly garbage collection, mothers employment status, and maternal level of education. In order to determine childrens eating habits, we included questions about the age at which bottle-feeding was discontinued and about the childs current appetite ( Table 2 ).
We applied multiple correspondence analysis, which identified different profiles of physical activity and inactivity, according to the answers of questions about childrens habits, which have created a physical activity/inactivity construct. 14 Out of these questions, we identified four variables that provided the highest discrimination coefficient in the construct. Cluster analysis, by the K-means algorithm, categorized the different clusters of activity/inactivity into active and inactive groups. We arbitrarily assigned value 1 to physical inactivity and 0 to physical activity in the questions regarding physical activity attributes. The sum of these values (0 to 4) originated a simplified physical Physical inactivity among public school children Bracco MM et al.
Variables
Indicates physical activity Indicates physical inactivity Overweight was positively associated with physical inactivity Physical inactivity among public school children Bracco MM et al. in 52% of subjects. Being a female and being older than 7.5 years was also positively associated with physical inactivity, and so was having a good appetite. There is a greater risk for physical inactivity among children who live in households where garbage is collected less than twice a week, and also among those whose mothers work outside the home. No association was found with birth weight, maternal level of education and late weaning from bottle-feeding (Tables 3 and 4) .
Discussion
Hierarchical models include concepts about biological and social variables that describe hierarchical relationships between them and the outcome in a given health condition or behavior. 9 In this study, the outcome variable included a simple scale of physical activity/ inactivity attributes associated with more or less active behaviors, thus providing higher statistical power to the multivariate hierarchical model.
In spite of the narrow age difference among the sampled children, there was a positive association between physical inactivity and chronological age. Girls were at a greater risk for physical inactivity, indicating that, even in younger children, age and gender can play an important role in the adoption of a sedentary lifestyle.
Trost et al. 4 assessed a population-based sample of students attending grades 1st to 12th in the United
States by using accelerometers, and concluded that boys were consistently more active than girls in vigorous and moderate physical activities. Moreover, although elementary school students were significantly more active than middle and high school students, the largest differences were found in late elementary school grades, which indicates that the paucity of descriptive studies involving children younger than 9 years may not detect such findings in younger children, and therefore, it is necessary that further studies be carried out to assess the mediating factors related to the differences between age and gender using population-based samples.
The association between obesity and physical inactivity in childhood and adolescence has been widely described. 1, 2 Bracco et al. 3 found out that the amount of energy spent by overweight children aged 9 to 11 years in physical activities, measured by accelerometers, was twice as high as that of normal-weight children, observed in a crosssectional study conducted in the outskirts of São Paulo, Brazil. In this study, the positive association with overweight highlights the necessity to develop policies that can tackle this problem in the school environment.
Even though some studies have shown that exercise can be associated with an increase in energy intake as a way to compensate for energy expenditure, short-term experimental studies did not find an increase in appetite among adults after exercise. 15 Moore et al. 16 analyzed the relationship with appetite, represented by energy intake after high-and low-intensity exercises in girls aged 9 to 10 years and in sedentary controls. The authors did not find any evidence of compensation for energy expenditure through an increase in food intake. Ad libitum energy intake was similar under sedentary and exercise conditions. da Costa Ribeiro et al. 17 observed that appetite at mealtime was positively associated with obesity in a case-control study carried out with a sample of participants of the RRIDA Project. In this model, appetite was positively associated with physical inactivity, indicating that it can be mediated by obesity, but that it can also have an independent role, determining physical inactivity. In the model, we also assessed whether changes in eating behavior could be associated with the outcome by using the age at which children were weaned from bottlefeeding as a variable. Although no association was found in the adjusted model, some studies have suggested that the late introduction of solid foods and early weaning may contribute to a less active pattern among infants, yielding discrepant and inconclusive results. 18, 19 The social variables showed that low socioeconomic status is associated with physical inactivity, although the study population has a low socioeconomic status as a Recently, a cross-sectional study carried out in the United States, whose aim was to identify determinants of physical activity among children aged 9 to 13 years, revealed remarkable differences between different socioeconomic levels regarding the lack of infrastructure and of public safety. 26 In São Paulo, the rate of violence in low-income communities is virtually sevenfold higher than in highincome neighborhoods, affecting especially young adults. 27 This study had some limitations, as described next. Its The hierarchical conceptual model for public school children shows that physical inactivity is consistently associated with being a female, being older than 7.5 years, being overweight, and having a good appetite.
Physical inactivity is also associated with mothers who work outside the home and with a frequency of garbage collection less than twice a week. According to these findings, further studies are necessary for the validation, reproducibility and reliability of the questionnaires answered by parents or surrogates, so that they can be improved as tools. Moreover, a wider range of variables should be included in order to describe the behavior of physical activity among children in developing countries.
